Abstract. Survivorship data can be effectively summarized using the shape and scale parameters of the Weibull frequency distribution. The shape parameter controls the rate of change of the agespecific mortality rate and, therefore, the general form of the survivorship curve. Estimates of shape and scale parameters and their confidence intervals can be easily calculated and used to compare survivorship curves of different populations.
INTRODUCTION
Our purpose in writing this note is to bring to the attention of ecologists the suitability of the Weibull frequency distribution as a model of survivorship. We do not present any new survivorship data, nor is our proposed use of the Weibull distribution an advancement over its common usage as a time-to-failure model in engineering. The new information we present concerns the relationship between the parameters of the Weibull distribution and existing ecological concepts of survivorship.
Biologists have long been interested in the survivorship of individual plants and animals in natural populations. Three basic survivorship patterns, usually summarized as survivorship curves, have emerged from studies of free-living and laboratory populations (Pearl 1928 , Pearl and Miner 1935 , Deevey 1947 ). Survivorship curves are a graphical expression of the probability of surviving to age t as a function of t. A Type I survivorship curve results when the age-specific mortality rate (i.e., the probability of dying in the time interval t1 to ti,, given that the organism survives to ti) increases with increasing t. A Type II curve results when the age-specific mortality rate is constant, and a Type III curve is produced when the age-specific mortality rate decreases with increasing t. Examples of Type I curves include organisms such as mayflies and cicadas which have a long developmental period and die soon after maturation. The Type I curve is also typical of adult western man (age ?a 21 yr) where the mortality rate increases as the maximum physiological age limit is approached. Adult birds are often cited as examples of Type II curves, whereas a Type III curve is more typical of the bird's entire life. Although usually thought of as being distinct, these curves represent a continuum described by the Weibull frequency distribution.
The Weibull frequency distribution is an extremely flexible frequency distribution which can possess either positive or negative skewness (Johnson and ) . Thus, most studies of survivorship involve analyses of (t -Eo) rather than t. S(t) = I -F(t) expresses the probability of surviving to a given age t, and the age-specific mortality rate (Appendix 1) in the interval tj to ti, is Lack (1946) has shown that this bias affects the data through midwinter. Thus, the autumn starting dates caused inflated mortality rates in the 1st-year age classes and, therefore, reduced c. Rotifer (Floscularia conifera) populations had Type I survivorship curves, but there were differences between solitary and colonial populations. Individuals in colonies tended to live longer with mortality being concentrated in the older rotifers. Estimates of c for rotifers also showed considerable variation between experiments. Variation in c also occurred among the barnacle (Balanus balanoides) populations studied by Hatton (1938) . Populations established at the level of the mean high-water neap tide (Level II) had Type III curves, whereas barnacle populations established at the levels of half-tide and mean low-water neap tide (Levels III and IV, respectively) generally had Type I survivorship curves. Weibull parameters could not be calculated for two of Hatton's (1938) populations because of insufficient data. Table 2 illustrates the advantages of comparing populations using the Weibull parameters. In this example Weibull parameters could be employed to compare survivorship curves at different levels by either (1) increasing the number of sites studied at each level and comparing the c by analysis of variance procedures, or (2) increasing the precision of estimates of c at each site and comparing sites using the confidence intervals about each c. The first alternative may be preferable because of the susceptibility of these communities to damage by storms (Connell 1975 ) which could result in varying patterns of survivorship among sites.
One of the most discussed studies of survivorship is Murie's (1944) analysis of the Dall sheep. Weibull frequency distributions were fitted to Murie's data for all individuals ( Fig. 2A) and for adult individuals only  (age > 1 yr; Fig. 2B ). For the total population the fit was poor because of high mortality among the 1st-year class. However, the Weibull shows a close agreement to the data for the adults. Murie discussed 2 distinct causes of mortality. The first was wolf predation on inexperienced young. The second was wolf predation on old and feeble adults. The fit to the adult sheep data was better than the fit to the entire population because only I cause of mortality was being considered. Juvenile mortality was excluded by defining E0 = 1 yr.
Combining juveniles and adults usually produces a two-phased survivorship curve as illustrated in Fig. 2A (i.e., an initially steep curve caused by juvenile mortality followed by the slower curve of adult mortality). These curves cannot be modelled by simple distributions. Instead, they must be analyzed either by separation into component parts or by mixtures of 2 frequency distributions. Adult survivorship curves may be separated from the survivorship curves of juveniles by defining E0 to exclude juveniles. 
